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Concept

• Efforts to estimate particle size 
distributions from spectral aerosol 
extinction data from SAGE II, III, III/ISS 
have a long history and continue
• Summary: It is hard!  And it is really 

hard when the size distributions are 
not unimodal log-normal
• Idea: Identify times when the spectral 

information deviates from the 
expected response as an indicator of 
‘anomalous’ non-stratospheric 
background aerosol layers. 2 3 4 5 6 7 8 9

1000
2

Particle Diameter (nm)

500

480

460

440

420

400

380

360

340

320

300

Po
ten

tia
l T

em
pe

rat
ure

 (K
)

0.01

0.1

1

10

100

1000

dN
/dl

og
dp

 (#
/m

g)

100
2 3 4 5 6 7 8 9

1000
2

Particle Diameter (nm)

5
6
7
8
9107

2

3

4

5
6
7
8
9108

dV
/dl

og
dp

 (n
m3 /m

g)

100
2 3 4 5 6 7 8 9

1000
2

5 6
107

2 3 4 5 6
108

nm3/mg

 Free stratosphere
 ATAL: above tropopause
 ATAL: near tropopause
 ATAL: below tropopause
 Near LRM

Vertical profile of aerosol volume size distributions 
in the ASM/ATAL (courtesy of Doug Goetz)

Examples of ‘interesting’ stratospheric aerosol
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Angstrom Exponent

Schuster et al., 2006

⍺ << 1 for very large particles (clouds) 
1 < ⍺ < 2 for super micron aerosol 
⍺ > 2 for fine mode particles, d < 0.5µm
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Process

• Find correlated SAGE III/ISS and in situ OPC measurements. 
• Calculate extinction at SAGE III/ISS wavelengths from OPC size distributions
• Fit the Angstrom exponential curve across SAGE and OPC extinction 

wavelengths to find the Angstrom Exponent (⍺) using 1021nm channel as 
the reference
• Calculate at each altitude for profiles of Angstrom Exponent
• Calculate the ‘goodness of fit’ to the curve at each altitude
• Hypothesis – more complex size distributions (bi-modal, mixed RI, 

absorbing aerosol) will deviate from the Angstrom curve – lower r2 
goodness of fit metric.
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Cloud @ lapse rate 
tropopause

Interesting stuff in 
mid-stratosphere
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Interesting stuff in 
mid-stratosphere

Cloud @ lapse rate 
tropopause – alpha < 
1.0
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Aerosol Extinction ‘gull wing’ 
issue?
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Conclusions

• Work in progress
• Angstrom Exponents fit the OPC size distributions is surprisingly good 

(maybe too good?)
• This applies even in anomalous layers – original hypothesis is a bust. 
• Angstrom Exponents also fit the SAGE data well when SAGE and OPC 

extinctions are consistent.
• When OPC and SAGE don’t agree, the SAGE data often deviates from 

Angstrom’s law. Can this be a flag for checking SAGE aerosol 
retrievals?


